Staphylococcus aureus is the most significant pathogen involved in nosocomial infections. A rapid epidemiological typing system is needed for the identification of outbreaks and to monitor spread. Some methicillin-resistant S. aureus (MRSA) strains are known to spread more easily and are designated epidemic MRSA, while other strains lack this capacity and are usually associated with sporadic cases. In The Netherlands strict rules for containment of MRSA-infected patients are followed. Due to the policy of "search and destroy," MRSA is not endemic in The Netherlands (24) . Pulsed-field gel electrophoresis (PFGE) is regarded as the gold standard for epidemiological typing of MRSA, and a new harmonized protocol for PFGE has been developed enabling the establishment of a European web-based database for comparison of intercenter MRSA PFGE patterns (10) . However, PFGE is a time-consuming and tedious method and therefore is not best suited for use in the hospital clinical microbiology laboratory and in large-scale studies of outbreaks. Several alternative typing methods have been published recently in order to replace PFGE. These include multilocus sequence typing (12, 22) , MecA-associated variable element genotyping (4, 15) , fluorescent amplified fragment length polymorphism (5), binary typing (23) , variable number of tandem repeat analysis (14) , and others (1, 2, 13) . In our laboratory we developed multienzyme amplified fragment length polymorphism (ME-AFLP) for typing Klebsiella spp. (20) and various other gram-negative bacteria. This method relies on the amplification of selections of restriction fragments which represent a total chromosomal image. Since this broadly applicable method would also be very convenient for typing of MRSA we investigated the performance of ME-AFLP typing of MRSA in comparison with PFGE. Our aim was to be able to use ME-AFLP typing for prescreening MRSA strains and thus limit the number of strains to be subjected to PFGE. We used the two well-documented strain collections (17, 18, 19 ) that were described previously with various different other pheno-and genotyping methods.
MATERIALS AND METHODS
Bacterial strains. The present study includes the use of two well-defined MRSA strain collections. The first set consists of 47 isolates which have been described in great detail (17) (18) (19) . Strains that could not be revitalized and were not included in the present study were SA5, -8, -10, and -16; SB3, -5, -15, and -18; and SC3, -5, -7, -13, and -17. Outbreak related isolates were SA1, -2, -3, -9, -13, -14, -15, -17, and -19 (outbreak NH1/2) and SB2, -4, -6, -11 (outbreak II), -10, -12, -19, and -20 (outbreak I) (19) . SC isolates were all outbreak related (III and IV), except SC8. The second strain collection consisted of 32 epidemiologically unrelated MRSA isolates from a Dutch surveillance study, 19 of which were classified as epidemic MRSA (2) . In addition, 14 well-documented epidemic MRSA strains from the United Kingdom were included (2, 19) . ME-AFLP procedure. Chromosomal DNA was isolated from S. aureus strains essentially as described elsewhere (1) . After addition of 5 l of RNase (1 U; Sigma), the DNA concentrations were measured by using the GeneQuant spectrophotometer (260 nm; GeneQuant; Pharmacia Biotech, United Kingdom). The restriction-ligation reaction was performed with 500 ng of DNA in a final reaction volume of 30 l. It contained restriction enzymes EcoRI, PstI, XbaI, and NheI (20 U each; Roche Molecular Biochemicals), 3 l of T4 ligase buffer, 1 U of T4 ligase (Roche Molecular Biochemicals), and 20 pmol of each adaptor oligonucleotide ( Table 1 ). The restriction-ligation mixture was incubated for 3 h. at 37°C. Subsequently, the DNA was precipitated with 2.5 M ammonium acetate in 100 l of absolute ethanol (Ϫ20°C). After the DNA was washed with 70% ethanol, it was resuspended in 100 l of Tris-EDTA buffer and stored at 4°C.
PCR's were performed with Ready-to-Go beads (Amersham Pharmacia, Little Chalfont, United Kingdom) after the addition of 1 l of MgCl 2 (25 mM), 10 pmol of each primer (Table 1) , and 2 l of template DNA (ca. 100 ng) in a final volume of 25 l. Three PCRs were performed with different primer sets: Pxn/ Pst-ag, Pn-g/Pst-ag/Pst-at, and Px/Pst-ag ( Table 1 ). The reaction mixtures were preheated for 4 min at 94°C in a DNA thermocycler (Perkin-Elmer GeneAmp PCR System 2400). Thirty-three amplification cycles of 1 min at 94°C, 1 min at 60°C, and 2.5 min at 72°C were performed.
Analysis of banding patterns. Analysis of 10 l of each PCR product was performed by agarose gel electrophoresis on a 1.5% agarose gel (MP Agarose; Roche Molecular Biochemicals). Marker DNA (100-bp ladder; Gibco-BRL/Life Technologies, Paisley, Scotland) was loaded after every four samples. Analysis of banding patterns on gel images was performed with the software program Gelcompar II included in Bionumerics (Applied Maths, Kortrijk, Belgium). The gel images were imported in the gel analysis software Bionumerics. The images were fitted in the framework bordered by the upper 2,000-bp and lower 100-bp marker bands. Cluster analysis of the fingerprints was performed with the unweighted pair group using arithmetic averages, and similarities between ME-AFLP patterns were calculated with the Pearson product-moment correlation coefficient.
PCR analysis of SCCmec types. PCR was performed with the following primer pairs: CIF2 (50 pmol), KDP, MECI, DCS, RIF4, RIF5, IS431/pUB110, IS431/ pT181 (80 pmol each), and 20 pmol of MECA primers as described previously (11) . PCR was performed with HotstarTaq polymerase (QIAGEN, Hilden, Germany). The reaction mixtures were preheated for 15 min at 95°C in a DNA thermocycler (Perkin-Elmer GeneAmp PCR System 2400). Thirty-five amplification cycles of 30 s at 95°C, 30 s at 53°C, and 1 min at 72°C were performed. The PCR was completed with a final round of 7 min at 72°C. PCR products were analyzed on a 3% agarose gel. RESULTS ME-AFLP typing of MRSA strains. The strain collection SA1 to -20, SB1 to -20, and SC1 to -20 comprised of sporadic isolates and epidemiologically related isolates that have been genotyped by using various methods (17) (18) (19) . ME-AFLP typing of these strains was carried out with three combinations of primers. The results were compared to those of PFGE typing (Fig. 1) . Outbreak related strains were found clustered into four distinct groups-A, B, C, and D-of isolates (Fig. 1) . Cluster analysis of single-set primer generated patterns showed the same clusters (not shown) as were obtained when clustering was based on three fingerprint types. Strains involved in outbreaks NH1/NH2, I/II, III, and IV, are clustered in groups A to D, respectively. Cluster C comprises mainly PFGE type A, while in cluster D PFGE type B is found. Strain SC6 (cluster C), although designated to PFGE type B, most likely is of type A as was also found with rep-PCR typing (19) . PFGE type A is found in several clusters of strains as shown before by using other typing methods (17) . Minor band differences within PFGE patterns as reflected in the type designations B/B1 and K2/3 are also found in corresponding ME-AFLP types of SC18/SC8, and SA9/SA19, respectively, but only when primers Png/Pst-ag/Pst-at were used. For example, strains SC8 and SC18 showed an identical pattern when analyzed with primers PxϩPst-ag but clearly differed when the other two primer sets were used.
All distinctive ME-AFLP types were selected among the strain collection SA/B/C1 to -20 and clustered (Fig. 2) . Depending on the cutoff of 90 or 95% 13 or 17 distinctive ME-AFLP types, respectively, were found. The total number of different PFGE types among the same strain collection was 11 (17) . Overall, there is good concordance between the results obtained with PFGE and ME-AFLP.
Comparison of ME-AFLP typing results with REP typing (19) showed that the results are highly consistent. For example, cluster D of strains in Fig. 1 contains isolates that were not involved in outbreaks but had the same Rep-PCR type as the strains that were; isolates SB8 and SC8 had the same Rep-PCR types of strains involved in outbreak IV. The ME-AFLP types are fully supportive of this finding. ME-AFLP typing of epidemic and nonepidemic MRSA strains. Typing of epidemic and nonepidemic MRSA isolates revealed two main clusters of isolates: E and F (Fig. 3) . The majority of epidemic strains were found to belong to the larger cluster. Strains within this cluster differed from the other cluster mainly by the presence of a 800-bp band. In order to find out whether this was a specific virulence trait, we isolated this band from the gel for sequence analysis. The DNA fragment was found to represent the PstI-NheI part of the orfX gene described by T. Ito et al. (NCBI AB014440) (6) . Alignments with other S. aureus sequences revealed mutations in the NheI site resulting in the absence of this fragment size among the other MRSA genotypes. Although this sequence is located just downstream of the staphylococcal chromosomal cassette (SCCmec), it may reflect a particular SCCmec type.
SCCmec typing. In order to investigate whether ME-AFLP types might represent certain SCCmec types, we subjected the SCCmec type strains I to IV (kindly provided by T. Ito) to ME-AFLP analysis. Four clinical isolates of MSSA were also typed by using ME-AFLP. Cluster analysis (Fig. 3) showed four groups-E, g, h, and i-and each group (except i) showed a high degree of similarity to one of each SCCmec type strains (except SCCmec type IVstrain). To confirm whether the SC- Cmec type could be inferred from the ME-AFLP typing pattern, we selected two to four representative isolates from each cluster and performed the multiplex PCR for the SCCmec typing method described by Oliveira et al. (11) . The results (not shown) confirmed that the clustering of ME-AFLP types was according to the SCCmec types of isolates.
DISCUSSION
PFGE is the gold standard in typing of S. aureus, and a web-based database has been recently set up to compare intercenter typing patterns that allow tracing of isolates (10) . However, for typing of large strain collections this method is less suitable since it is rather time-consuming and tedious. In recent years many reports have focused on other typing methods (13, 14, 16, 22) . Theoretically, methods based on sequence analysis that produce unambiguous numerical data are the most suitable for interlaboratory exchange of typing results. However, these methods are very expensive and consequently not applicable for the clinical laboratory. ME-AFLP is very easy to perform and is used for typing of various bacterial species in our laboratory.
The reproducibility of ME-AFLP typing of MRSA was 100%. Restriction-ligation is controlled by inclusion of a control strain, and negative controls are included for control of contamination by previously amplified fragments. The method is very suitable to be used for prescreening of MRSA suspected outbreak strains in the clinical microbiology laboratory. Since ME-AFLP is more discriminative than PFGE, identical results from ME-AFLP prescreening are very likely to represent identical PFGE types. In contrast to REP-PCR typing (19) , which generates DNA fragments with a single primer, ME-AFLP typing offers the possibility for direct sequencing of discriminative bands between strains. In the present study we sequenced the discriminant band of cluster E in Fig. 3 , which was found to present part of the orfX gene. This band seems to be a marker for SCCmec type I isolates. SCCmec sequences are composed of various genes and mobile genetic elements as insertion sequence elements and transposons (7, 8) . Depending on the composition and organization, five discrete SCCmec types have been described (7, 9) . Most epidemic strains (20 of 29 [69%]) analyzed in the present study were found among SCCmec type I isolates, whereas all of the SCCmec type II isolates except one were nonepidemic (13% epidemic), and SCCmec type III isolates comprised 38% of the epidemic strains. Type IV SCCmec, although it clusters with type II isolates, probably is not present among this strain collection, since all strains were hospital isolates. SCCmec type IV is predominantly found among patients with community-acquired MRSA (9) .
Recently, a PCR-based detection method of MRSA in clinical material was described (3). This method uses various reversed primers based on SCCmec sequences inserted into the bacterial chromosomal attachment site attB and forward primers located in the orfX gene.
Further study is needed with typing of strains and sequencing of discriminant bands in typing patterns of strains having variant SCCmec types. A genotyping method that may support 
